Background and purpose There is very little information on the cost of different treatments for femoral neck fractures. We assessed whether total hospital and societal costs of treatment of elderly patients with displaced femoral neck fractures differ between patients operated with internal fixation or hemiarthroplasty.
Background and purpose There is very little information on the cost of different treatments for femoral neck fractures. We assessed whether total hospital and societal costs of treatment of elderly patients with displaced femoral neck fractures differ between patients operated with internal fixation or hemiarthroplasty.
Methods 222 patients (mean age 83 years, 165 women (74%)) who had been randomized to internal fixation or hemiarthroplasty were followed for 2 years. Resource use in hospital, rehabilitation, community-based care, and nursing home use were identified, quantified, evaluated, and analyzed.
Results The average cost per patient for the initial hospital stay was lower for patients in the internal fixation group than in the hemiarthroplasty group (€9,044 vs. €11,887, p < 0.01). When all hospital costs, i.e. rehabilitation, reoperations, and formal and informal contact with the hospital were included, the costs were similar (€21,709 for internal fixation vs. €19,976 for hemiarthroplasty). When all costs were included (hospital admissions, cost of nursing home, and community-based care), internal fixation was the most expensive treatment (€47,186 vs. €38,615 (p = 0.09)).
Interpretation The initial lower average cost per patient for internal fixation as treatment for a femoral neck fracture cannot be used as an argument in favor of this treatment, since the average cost per patient is more than outweighed by subsequent costs, mainly due to a higher reoperation rate after internal fixation.

The cost of hip fractures is high. For the individual suffering a hip fracture, there is a physical and a psychological cost. For society, there are costs for medical attention such as hospital treatment, rehabilitation, and an increased level of care. Intracapsular femoral neck fractures constitute approximately half of all hip fractures (Lofthus et al. 2001 , Gjertsen et al. 2008 . Most are displaced, and the main alternative treatments are internal fixation and arthroplasty. Meta-analyses have failed to demonstrate any clear difference in functional results (Lu-Yao et al. 1994 , Bhandari et al. 2003 , Parker and Gurusamy 2006 , Rogmark and Johnell 2006 , but the most recent studies have reported better hip function and higher health-related quality of life after arthroplasty (Rogmark et al. 2002 , Blomfeldt et al. 2005 , Keating et al. 2006 , Frihagen et al. 2007 . A high reoperation rate after internal fixation has been a consistent finding in both randomized and non-randomized studies; a Cochrane review found a revision rate of 36% for internal fixation and 11% for arthroplasty (Parker and Gurusamy 2006) .
In the randomized trial that the present study is based on, reoperation rates of 42% for internal fixation and 10% for hemiarthroplasty were found (Frihagen et al. 2007 ). Morbidity and mortality rates are similar between the methods, even though arthroplasty surgery is more extensive with longer surgical time and more bleeding (Lu-Yao et al. 1994 , Rogmark et al. 2002 , Bhandari et al. 2003 , Blomfeldt et al. 2005 , Rogmark and Johnell 2006 , Parker and Gurusamy 2006 , Keating et al. 2006 , Frihagen et al. 2007 ). We analyzed hospital and societal costs for hemiarthroplasty and internal fixation after displaced intracapsular femoral neck fractures, basing the data on a randomized controlled trial from Norway (Frihagen et al. 2007 ).
Patients and methods

Patients
Patients aged 60 years or older with an intracapsular femoral neck fracture with angular displacement in either radiographic plane (except the purely valgus impacted fractures with no displacement on the lateral view) who were previously ambulant were recruited for the study. Exclusion criteria were: being found unfit for arthroplasty surgery, having had previous symptomatic hip pathology, or having had a delay of more than 4 days from injury to treatment. Cognitive failure was not an exclusion criterion. Patients who were able to give informed consent did so. Patients who could not give informed consent because of temporary or permanent cognitive impairment were included after obtaining consent from the family. 222 patients were randomized to internal fixation (n = 112) or hemiarthroplasty (n = 110) between Sept 2002 and March 2004. Further information on patients, methods, and outcome has already been reported (Frihagen et al. 2007 ). The demographics of the patient groups were similar at baseline (Table  1) .
Interventions
Patients underwent either a closed reduction and internal fixation with 2 parallel cannulated screws (Olmed; DePuy/ Johnson and Johnson, Sweden) or a Charnley-Hastings bipolar cemented hemiarthroplasty (DePuy/Johnson and Johnson, UK). The surgeons on call carried out all operations. The postoperative regimen was the same for the two groups, except that antibiotic prophylaxis was used in the hemiarthroplasty group. Early mobilization was encouraged, with weight bearing as tolerated. Both interventions had been standard operations in the department before the study (Frihagen et al. 2007) .
Costs
The study's time horizon was 2 years, with follow-up at 4, 12, and 24 months. By examining the patients' whereabouts and actual resource use, we obtained an estimate of cost per patient over time. Patient flow varied between the groups, e.g. patients who underwent primary hemiarthroplasty spent more time in hospital during the first stay, while patients who underwent internal fixation as primary operation had a higher incidence of reoperations (Figure) . The costs were divided into 3 categories: (1) hospital costs as a direct consequence of the fracture, including both primary operations and reoperations, with rehabilitation and other contacts, i.e. out-patient consultations and telephone contacts; (2) hospital costs due to treatment(s) other than for the femoral neck fracture; and (3) costs due to changes in living situation (from independent living to nursing home) and the need for help in everyday life (home nursing or other home-based services and physiotherapy).
Use of most resources was registered prospectively during the study. Some costs, however, were identified from the hospital registry or based on expert opinion (Table 2 ). For some costs of the hospital stay, we used the average cost per unit from a cost-per-patient (CPP) analysis performed by the hospital administration. The CPP is arrived at by processing the cost per patient of each hospital contact, i.e. outpatient or inpatient, by means of the bottom-up method. CPP is either given as a fixed amount per patient per occurrence, or as a cost per hour consumed ( Table 2) . Cost of taxi and ambulance transportation was calculated from information from Norwegian Patient Transportation and from the hospital ambulance service. Costs of medication were taken from the Norwegian Hospital Pharmaceuticals. Laboratory costs and costs for outpatient consultations were taken from NAV (the Norwegian Labor and Welfare Administration). The total cost per operation was the sum of costs for equipment, including implants and other single-use equipment, anesthesia costs, and costs for the staff involved in the surgery. Postoperative costs were given as the real cost in the postoperative ward over a year divided by the number of patients in the department, controlling for different lengths of stay in hours. Telephone contact was valued as 15 min of a surgeon's time plus a minor capital cost. Rehabilitation was valued using diagnosis-related groups (DRG) both for hospital rehabilitation and private rehabilitation. DRG is a coding system used for administration of both clinical and financial activity in specialist healthcare. All DRG groups are given a weighting to reflect the intensity of treatment relative to the average patient. The cost for a DRG group is estimated by multiplying the cost weighting for that specific DRG group by the cost of one DRG. In 2006, the cost of one DRG was €3,513 (Norwegian Health Directorate, 2007) . For patients who were in a nursing home for only a short period after the operation, the cost per week was calculated from the cost per year. The mean length of (rehabilitation) stay in a nursing home after hospital discharge was estimated to be 3 weeks, based on information from local providers. Other hospital costs were calculated using DRG weights from 2006. The patient's living situation and consumption of other municipal resources was registered at baseline and at the 4, 12, and 24-month follow-ups. Using KOSTRA (municipality-state registration) at Statistics Norway, we found that the mean running costs of living in a nursing home were €75,881 per year, while the average household costs for the patient group living at home (independent living and home care were assumed to be similar) was €24,415 (Municipality State Registration, 2009). Based on information from care providers in Oslo, home nursing care and practical assistance was estimated to be €36 per h during daytime and €50 at night, at weekends, and on public holidays with an added administration cost of €66 per month per patient. Physiotherapy was estimated to cost €25 per hour. The costs after a patient's death were cut immediately, as the relocation of resources is rapid. All costs in the study are given in euros (€1 = NOK9) and they were adjusted to 2006 values, with a discount rate of 4%.
Statistics
Because of the high mean age and the fact that a proportion of the patients were very frail, the data set may have included extreme points. Cost data are often positively skewed; thus, the non-parametric bootstrap method was used. Bootstrapping is used to estimate a new standard error, variation, and mean by drawing a random sample with replacement and constructing a number of equally sized resamples of the existing dataset. We performed bootstrapping with 1,000 repetitions. Based on the bootstrap samples, a 2-sided independent sample t-test was used to test for differences in costs between the intervention groups. When testing for difference in variance in more than 2 groups, analysis of variance (ANOVA) was used. Statistical analysis was performed with SPSS 16.0 and STATA 10.
Ethics
The study was conducted according to the Declaration of Helsinki and approved by the Regional Ethics Committee of Eastern Norway (June 18, 2002; 262-02103) . The study was registered with ClinicalTrials.gov (NCT00464230).
Results
Comparison of cost of internal fixation and hemiarthroplasty
The accumulated costs of the first stay in hospital were €9,044 for internal fixation and €11,887 for hemiarthroplasty (p = 0.01), where the cost of the length of stay constituted about 75% of the total (Table 3 ). The average length of stay in the hemiarthroplasty group was 10.2 days (SD 12) and it was 8.2 days (SD 7.4) in the internal fixation group (p = 0.1). The minimum stay in both groups was 1 day, and the maximum stay was 109 days in the hemiarthroplasty group and 46 days in the internal fixation group. When including the costs of the reoperations and formal and informal outpatient contacts, the total hospital and rehabilitation costs due to the femoral neck fracture were €21,709 for internal fixation and €19,976 for hemiarthroplasty (p = 0.4). 34 patients in the internal fixation group and 28 patients in the hemiarthroplasty group who previously lived at home became permanent nursing home occupants after the fracture, representing a cost of €16,167 per patient in the internal fixation group and €12,281 per patient in the hemiarthroplasty group during follow-up (p = 0.3). The total costs of the interventions when all hospital costs, fracture-related and otherwise, and community-based care was included, were €47,186 for internal fixation and €38,615 for hemiarthroplasty (p = 0.09) ( Table 3) .
Revision surgery
In the internal fixation group 47 patients (42%) underwent 70 reoperations, and in the hemiarthroplasty group 11 patients (10%) underwent 13 reoperations (< 0.001) When all patients were included, both reoperated and not reoperated, the distributed extra cost of reoperations for the whole group was €7,684 per patient in the internal fixation group and €1,644 per patient in the hemiarthroplasty group (< 0.001) ( Table 3) . Using ANOVA with reoperated internal fixation as the reference group, the mean expected additional cost per patient who underwent revision surgery was €33,087 for internal fixation and €20,334 for hemiarthroplasty (p = 0.4). Summing up all the costs in a two-year perspective, the cost of reoperated internal fixation was €66,388 and the cost of reoperated hemiarthroplasty was €56,916 (p = 0.49). The mean length of stay per patient for the reoperations was 0.8 days (SD 3.4) for the hemiarthroplasty group and it was 4.5 days (SD 8.9) for the internal fixation group (< 0.001).
Sensitivity analysis
The fact that the average cost per patient was similar in the two intervention groups was partly due to the rate of reoperations. Even if there had been no reoperations in the internal fixation group, the total costs would not have been equal between the groups (Table 3) . Also, neither halving nor doubling the cost per inpatient day changed the relationship between costs, or the overall conclusions-except that when doubling the cost per day, there was no longer a statistically significant difference between the treatments after the first stay (1a in Table 3 ).
Discussion
A common belief has been that hemiarthroplasty is too expensive a treatment for the kinds of patients recruited for this study. The primary treatment was indeed cheaper for the patients in the internal fixation group, mainly due to the shorter hospital stay, but also because of a cheaper operation. When re-admissions due to complications were included, however, hemiarthroplasty was cheaper because of the much higher risk of a reoperation after internal fixation. The difference in the cost due to length of stay after the first admission was more than outweighed by the greater number of inpatient days due to reoperations in the internal fixation group. When other hospital costs and the costs of home-based care were included, the tendency for hemiarthroplasty to be the least expensive treatment was strengthened, although this was still not statistically significant (Table 3) .
Our main findings agree with the results of previous studies comparing the cost of treatment after femoral neck fracture. Comparing internal fixation with total hip arthroplasty, Johansson et al. (2006) found a cost of €13,000 in hospital costs for both groups over 2 years. Iorio et al. (2001) estimated hospital costs in the internal fixation group to be $25,000 and in the bipolar hemiarthroplasty group to be $22,000 (US dollars). Rogmark et al. (2003) found a 2-year cost of $21,000 in the internal fixation group and $15,000 in the arthroplasty group, including hospital, rehabilitation, and nursing home costs. Keating et al. (2006) found that internal fixation was more costly than both hemiarthroplasty and total hip arthroplasty. Both Rogmark and Keating found the same pattern as we did, with the initial inpatient episode being less costly in the internal fixation group, but that the subsequent stays more than made up for this in the analysis of total costs. Our analysis has some weaknesses. Firstly, patients with femoral neck fracture have a substantial mortality. A potential problem with a direct cost analysis is that having died may be perceived as positive, as it does not generate costs. In this study, 35% of patients in each group died during the follow-up period. The difference in total cost was therefore not connected to the mortality. The completeness of cost data can always be questioned. The use of general practitioners or ambulatory specialists outside the hospital was not registered; nor was use of informal help, e.g. from relatives or neighbors. This may be a source of underestimation of the costs associated with patients living in their own home-especially for the internal fixation group, as they had more complications (and therefore more reoperations) and might need more help. Another weakness is the lack of connection between the cause and effect. Was the hip fracture the cause of the increased need for help at home or the reason that some patients became permanent occupants of nursing homes? A hospital admission for pneumonia or a urinary tract infection may or may not be related to the fracture and its treatment. This has no influence on the comparison between groups, but may affect the answer to the question of how much a femoral neck fracture costs. A third possible weakness is the lack of accuracy in the valuations. Compromises were made in finding the exact price of each item and in finding the exact cost consumption per patient or occurrence.
An advantage of our cost study is that it was detailed, thorough, and complete. Furthermore, all patients with femoral neck fractures-including the oldest and the weakest-and patients with cognitive failure were recruited to the study. This gives the study a high degree of generalizability. We chose to maintain a high level of complexity in the analysis, in addition to including as many cost items as possible, both directly and indirectly related to the fracture and its treatment. Our results will be valid for this patient group as a whole and will thus be useful in a decision-making process. The length of stay in hospital was the most important hospital cost in both treatment groups. Other important costs were those of inpatient rehabilitation after the index surgery. The greatest cost, however, was due to nursing home occupancy for some patients. For the internal fixation group the cost of reoperations, further hospital stays, and rehabilitation represented a substantial cost. Reduction of the reoperation rate might be an area with possible savings, but the sensitivity analysis showed that the reoperation rate in the internal fixation group even when reduced to an unrealistically low number, did not equal the costs in the hemiarthroplasty group.
